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© Method for monitoring hermetically-coated fibers. 



© A method for monitoring the thickness of a her- 
metic coating on an optical waveguide fiber is pro- 
vided in which an interference pattern is produced 
by illuminating the fiber with a laser beam. A spatial 
frequency spectrum is generated for the interference 
pattern and a first component of that spectrum, 
corresponding to the outside diameter of the fiber, is 
identified. The magnitude of this component is in- 
versely related to the thickness of the coating, i.e., 
^ the magnitude decreases as the coating thickness 
qq increases, and thus this magnitude can be used to 
<v) monitor the thickness of the coating during, for ex- 
in ample, the coating process. Effects of fluctuations in 
qq the power of the laser beam and/or movement of the 
O fiber relative to that beam can be minimized by 
normalizing the magnitude of the first component by 
O tne magnitude of the PC component of the spatial 
^ frequency spectrum. 
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Background of the Invention 

This invention relates to methods and appara- 
tus for monitoring the application of a hermetic 
coating to an optical waveguide fiber and, in par- 
ticular, for monitoring the thickness of such a coat- 
ing. 

As is known in the art, the deposition of a thin 
film or coating of, for example, carbon onto an 
optical waveguide fiber can reduce water corrosion 
of the fiber, as well as other types of chemically 
induced fatigue. In addition, such coatings are ef- 
fective in reducing light attenuation resulting from 
absorption of hydrogen into the fiber from the envi- 
ronment. 

Such thin films or coatings are generally re- 
ferred to as hermetic coatings. As used herein, the 
term "hermetic coating" shall mean a thin film 
applied to a filament wherein the film is capable of 
absorbing light. 

In order to control the coating process, means 
must be provided for rapidly and reliably monitor- 
ing the thickness of the coating. 

U.S. Patent No. 4,952,226, (Frazee) discloses a 
system for monitoring the thickness of a carbon 
coating on a fiber with a polymer coating in which 
a laser beam is directed at the fiber and the 
intensity of the forward-scattered light is measured, 
which is monotonically inversely proportional to the 
thickness of the carbon coating. The laser beam is 
split in two so that two intensity measurements can 
be made at right angles to one another. This re- 
quires eliminating the fine structure corresponding 
to interference of refracted and reflected rays. 

According to Inoue et al., "Development of 
Non-Contact Coating Thickness Monitor for Her- 
metically Carbon Coated Fiber," Conference Digest 
for the Proceedings of the Optical Fibre Measure- 
ment Conference, September 1991, York, England, 
pages 135-138, forward scattered light is collected 
on a single photodiode which as in Frazee, elimi- 
nates all of the fine structure from the scattering 
pattern. 

These techniques suffer from a number of dis- 
advantages. One disadvantage involves the effects 
on the thickness measurement of fluctuations in the 
light source's power. In each case, a decrease in 
power will be interpreted as increase in coating 
thickness, and vice versa. 

Inoue seeks to address this problem by includ- 
ing a second photodiode to measure the power of 
the "reference light." The problem with this ap- 
proach is that the optical fiber does not stay in one 
position as the drawing and hermetic coating pro- 
cess takes place, but rather moves around in the 
light beam. Since most laser source light beams 
have a Gaussian power distribution, this movement 
means that the fiber will be seeing different power 
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intensities as a function of time. Inoue's photodiode 
B is fixed in space and thus only provides informa- 
tion about the average power of the beam t , rather 
than the power of the light which has interacted 
5 with the fiber. 

The Frazee apparatus includes rotatable cubes 
45 and 46, each mounted on the shaft of a servo 
motor, for aligning Frazee's orthogonal laser beams 
with the fiber. See Frazee at column 5, lines 22-27. 

io Frazee, however, does not disclose that the cubes 
are used to follow the changing position of the fiber 
as the drawing and coating process takes place. 
Also, Frazee does not provide a system for track- 
ing overall power drift of his laser. 

75 Another problem with the Inoue approach is 

that Inoue's attenuation factor increases in mag- 
nitude up to a coating thickness of around 800 
angstroms and thereafter decreases in magnitude. 
That is, the function is double valued, i.e., the same 

20 attenuation value corresponds to two coating thic- 
knesses. An ambiguity can thus arise in applying 
the technique to process control such that the 
controller may erroneously call for an increase in 
coating thickness where a decrease is actually 

25 needed. 

A fundamental disadvantage of both the Frazee 
and Inoue approaches is that in each case the 
measured variable, total forward scattered light in- 
tensity, is a combination of reflected and refracted 

30 light whereas it is only the refracted light which 
contains information about the thickness of the 
coating since it is that light which has passed 
through the coating. That is, Frazee and Inoue look 
at an additive signal wherein the desired informa- 

35 tion in the refracted light is of low intensity relative 
to the undesired reflected light and is desensitized 
(swamped out). This is increasingly a problem as 
the coating gets thicker. As discussed below, the 
measured variable in the present invention, vari- 

40 ation of fringe contrast, is substantially a direct 
function of the refracted light and thus is not sus- 
ceptible to being swamped out by the reflected 
light. 

45 SUMMARY OF THE INVENTION 

In view of the foregoing state of the art, it is an 
object of this invention to provide improved meth- 
ods and apparatus for monitoring the thickness of 

50 hermetic coatings on optical waveguide fibers or, 
more generally, any transparent filament. More par- 
ticularly, it is an object of the invention to provide 
an optical technique for such monitoring which 
automatically compensates for power fluctuations in 

55 the light source and for motion of the filament 
relative to the light source. 

To achieve these and other objects, the inven- 
tion uses information specifically made available in 
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the Fourier domain of a spatial fringe pattern to 
determine the thickness of a hermetic coating. 
More particularly the invention provides a method 
for monitoring the thickness of a hermetic coating 
on a transparent filament comprising the steps of: 

(a) directing a beam of radiation at the filament 
so as to produce an interference pattern; 

(b) detecting the interference pattern; 

(c) generating a spatial frequency spectrum for 
the interference pattern; 

(d) identifying a first component of the spatial 
frequency spectrum, the first component cor- 
responding to the outer diameter of the filament; 
and 

(e) determining a value for the magnitude of the 
first component, said magnitude being indicative 
of the thickness of the hermetic coating. 

In certain preferred embodiments, the method 
includes the additional steps of: 

(f) identifying a second component of the spatial 
frequency spectrum, said second component 
being the DC component of the spectrum; 

(g) determining a value for the magnitude of the 
second component; and 

(h) normalizing the value of the magnitude of the 
first component by the magnitude of the second 
component, said normalized value being indica- 
tive of the thickness of the hermetic coating. 

In other preferred embodiments, the beam of 
radiation has a substantially constant polarization 
which, most preferably, has its electric field compo- 
nent substantially parallel to the longitudinal axis of 
the filament. In further preferred embodiments, the 
interference pattern is detected at a location which 
is angularly displaced from the axis of the light 
beam, e.g., at an angle of 61 .5 0 from the axis. 

The accompanying drawings, which are incor- 
porated in and constitute part of the specification, 
illustrate the preferred embodiments of the inven- 
tion, and together with the description, serve to 
explain the principles of the invention. It is to be 
understood, of course, that both the drawings and 
the description are explanatory only and are not 
restrictive of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic diagram illustrating the 
basic elements of a Watkins-type system for mea- 
suring fiber diameters using far-field interference 
patterns. 

Figure 2 shows a typical far-field interference 
pattern of an uncoated 125 micron, coreless fiber 
for the angular range between 53.5 and 69.5 de- 
grees. 

Figure 3 shows the frequency spectrum of the 
fringe pattern of Figure 2. 
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Figure 4 is a schematic diagram illustrating the 
components of a fiber diameter measurement sys- 
tem with which the present invention can be used. 

Figures 5A, 5B, and 5C show typical far-field 
5 interference patterns for a 125 micron, coreless 
fiber for the angular range between 53.5 and 69.5 
degrees for a thin (200 angstroms), medium (500 
angstroms), and thick (800 angstroms) hermetic 
coating, respectively. 
10 Figures 6A, 6B, and 6C show the Fourier fre- 

quency spectrums of the interference patterns of 
Figures 5A, 5B, and 5C, respectively. 

Figure 7 is an expanded view of the portion of 
the spectrums of Figures 6A, 6B, and 6C around 
75 the O.D. line. 

Figure 8 shows a typical curve of the ratio of 
O.D. line power to DC line power versus coating 
thickness. 

20 DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

As discussed above, the present invention re- 
lates to methods and apparatus for monitoring the 
25 thickness of hermetic coatings on transparent fila- 
ments. 

A particularly important application of the in- 
vention is in the area of control systems for apply- 
ing such coatings to optical waveguide fibers. As 

30 indicated in the prior art discussed above, hermetic 
coatings are normally applied to optical waveguide 
fibers during the drawing process, and thus the 
methods and apparatus of the present invention are 
preferably incorporated into the overall fiber-'mea- 

35 surement/control system, for that process. 

Control systems for drawing fiber include ap- 
paratus for measuring fiber diameters. A widely 
used technique for making this measurement is 
that described in U.S. Patents Nos. 3,982,816 and 

40 4,067,651 to Lawrence Watkins. See also Murphy 
et al., U.S. Patent No. 4,280,827. The basic compo- 
nents of the Watkins system are schematically 
illustrated in Figure 1 . 

As shown therein, optical waveguide fiber 13, 

45 whose cross-section has been greatly expanded for 
purposes of illustration, is transversely illuminated 
by light 15 of sufficient spatial coherence and mon- 
ochromaticity to create a discernible interference 
pattern in the far field, that interference pattern 

50 being created by the superposition of light re- 
flected from the fiber surface 1 7 and light refracted 
through the fiber body 13. In practice, a laser, e.g., 
a HeNe laser, is the preferred light source because 
of its wavelength stability. The following discussion 

55 is thus in terms of a laser light source, it being 
understood that other light sources having sufficient 
spatial coherence and monochromaticity can be 
used if desired. 

3 
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As explained in the Watkins patents, in the far 
field, this reflected and refracted light interferes to 
form fringe pattern 19. For an optical waveguide 
fiber having a core and a cladding, the fringe 
pattern will in general be a function of the 
wavelength of the incident light and of the indices 
of refraction and the diameters of both the core 
and the cladding. However, as shown by Watkins, if 
the core/clad ratio is not too large and if the fringe 
pattern is examined at sufficiently large angles, 
e.g., above about ±50° in Figure 1 for core/clad 
ratios of less than about 0.5, the pattern will de- 
pend almost exclusively on the diameter and index 
of refraction of the cladding. 

Accordingly, if the index of refraction of the 
cladding is known, the outside diameter (O.D.) of 
the fiber can be determined by analyzing the fringe 
pattern. For example, the diameter can be es- 
timated with relatively good precision by counting 
the number of full and partial fringes between two 
angles and then converting that number to a fiber 
diameter value using the equations of the Watkins 
patents or an empirical calibration. 

A typical fringe pattern in the range from + 50 * 
to +70° for a 125 micron single mode fiber is 
shown in Figure 2. Approximately 62 fringes ap- 
pear in this 20 • range, which is as predicted by 
the Watkins model. 

Rather than counting fringes, fiber diameters 
can also be determined by generating a spatial 
frequency spectrum for the interference pattern 
and detecting a component of that spectrum which 
corresponds to the outside diameter of the fiber 
(hereinafter referred to as the "O.D. component", 
the "O.D. line", or the "first component"). Like the 
number of fringes between two angles, the fre- 
quency of the O.D. component is directly related to 
the diameter of the fiber. 

A typical spatial frequency spectrum for the 
fringe pattern of Figure 2 is shown in Figure 3. The 
O.D. line in this figure is located at approximately 
3.1 fringes/degree. Also shown in this figure is the 
DC component (discussed below) which is located 
at 0.0 fringes/degree (also referred to herein as the 
"second component"). 

Absuhagur and George, Applied Optics Vol. 19, 
page 2031 (1980) discuss the use of fast Fourier 
transforms (FFTs) to generate the frequency spec- 
trum from which the O.D. component is detected. 
The above referenced application entitled "Mea- 
surement of Fiber Diameters with High Precision" 
describes an improved method for determining the 
frequency of the O.D. component. The methods for 
identifying the O.D. component disclosed in that 
application are the preferred methods for practicing 
the present invention and the disclosure of that 
application relating to those methods is hereby 
incorporated by reference into this application. 
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In accordance with the present invention, it has 
been surprisingly found that the thickness of a 
hermetic coating on the surface of a transparent 
filament can be monitored by means of the mag- 

5 nitude (peak height) of the O.D. component. This 
magnitude can be viewed as being a function of 
the contrast of the interference pattern and the 
contrast, in turn, can be viewed as being a function 
of the thickness of the hermetic coating. 

w These relationships can be seen as follows. As 

discussed above, the interference pattern is a re- 
sult of the interaction of reflected and refracted 
light where for a hermetically-coated fiber, the re- 
flected light is light which has been reflected from 

75 the outer surface of the coating and the refracted 
light is light which has passed through the coating 
and the fiber. Some reflection also occurs at the 
outer surface of the fiber and some refraction oc- 
curs at the air/coating and coating/fiber interfaces. 

20 However, in view of the thinness of the coating, 
e.g., 100 to 1000 angstroms with a nominal value 
of 500 angstroms, these effects are in general 
small. 

Consider for the moment the case where there 

25 is no coating and assume that the reflected and 
refracted light have equal intensities l Q . To a first 
approximation, the interference pattern will then be 
a "high contrast" sinusoid having peaks of intensity 
2I Q and valleys of intensity 0. The spatial frequency 

30 spectrum of this pattern will have an O.D. line 
whose magnitude is proportional to l Q and a DC line 
whose magnitude is also proportional to l 0 . 

Next consider the case where the hermetic 
coating is so thick that it completely absorbs the 

35 refracted light beam. In this case, to a first approxi- 
mation, the detected pattern will have constant 
illumination of intensity l 0 , the intensity of the re- 
flected beam. The pattern will thus have no con- 
trast, and its spatial frequency pattern will be an 

40 O.D. line having no magnitude and a DC line 
whose magnitude is proportional to l D . 

In between these extremes, the intensity of the 
refracted beam decreases monotonically with the 
thickness of the hermetic coating and accordingly 

45 so does the contrast of the interference pattern and 
the magnitude of the O.D. line. Thus, by monitoring 
the magnitude of the O.D. line, one monitors the 
thickness of the coating. 

In practice, monitoring of the O.D. line means 

50 repetitively determining the magnitude of this line 
as the fiber is drawn past the light source. Control- 
ling the coating process based on such monitoring 
means using the magnitudes of the O.D. line to 
increase, decrease, or hold constant the amount of 

55 coating material applied to the fiber. As is conven- 
tional, the decision to increase, decrease, or hold 
constant will normally be based on calibration val- 
ues for the O.D. magnitude (and/or the OD/DC 

4 
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ratio, see below) obtained using fibers having 
known coating thicknesses. 

' In view of the foregoing mode of operation, the 
present invention can be used with essentially any 
hermetic coating whose light absorption increases 
with thickness. The carbon coatings employed to 
protect optical waveguide fibers from water and 
hydrogen absorption are of this type. 

As the above analysis shows, the magnitude of 
the O.D. line is a direct function of the thickness of 
the hermetic coating, not an additive function as in 
the Frazee and Inoue techniques. Accordingly, the 
present invention is not susceptible to having its 
signal swamped out by the reflected beam as in 
the prior art techniques. 

As indicated above, the prior art techniques 
suffered from problems due to 1) variations in the 
power of the light source, and/or 2) movement of 
the fiber relative to the light source. In accordance 
with the present invention, these problems are ad- 
dressed and solved by normalizing the magnitude 
of the O.D. line by the magnitude (peak height) of 
the DC line, that is, by dividing the magnitude of 
the O.D. line by the magnitude of the DC line. 

The magnitude of both the DC and the O.D. 
Fourier lines is linearly related to the intensity of 
the source. Therefore, the ratio of the two is in- 
dependent of source power variation. This holds for 
all values of coating thickness, from zero ang- 
stroms to the thickness that causes the refracted 
ray to be completely attenuated. 

It should be noted that a transition occurs be- 
tween a bare fiber and a fiber having a thin her- 
metic coating. Specifically, in order to achieve sub- 
stantially constant reflection, a minimum coating 
thickness, e.g., on the order of 200 angstroms for a 
carbon coating, is required. Accordingly, the above 
first order analysis applies for fibers having this 
minimum level of coating. It should be further 
noted that the basic technique continues to be 
applicable for coatings under 200 angstroms how- 
ever the analysis needs to take account of the fact 
that the reflected ray is no longer constant. 

The intensity of the reflected and refracted light 
will vary with the polarization of the incident light. 
Accordingly, to avoid errors in the monitoring of the 
coating thickness, the polarization of the light 
source needs to be substantially constant. Prefer- 
ably, the polarization should be linear polarization 
of high purity. Also, in practice, it has been found 
that the spatial frequency spectrum is cleaner (less 
noisy) if the polarization is such that the beam's 
electric field component is substantially parallel to 
the longitudinal axis of the fiber. Polarization control 
both in terms of polarization direction and variation 
of polarization with time can be readily achieved 
through the use of a laser light source and a 
polarizing beamsplitter. Alternatively, a linearly po- 
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larized laser can be used. Other ways of achieving 
polarized light can also be used if desired. 

The operation of the system is illustrated in 
Figures 5-8. Figures 5A, 5B, and 5C show typical 

5 far-field interference patterns for a thin (200 ang- 
stroms), medium (500 angstroms), and thick (800 
angstroms) hermetic coating, respectively. Figures 
6A, 6B, and 6C show the Fourier frequency spec- 
trums of the interference patterns of Figures 5A, 

10 5B, and 5C, respectively, and Figure 7 shows an 
expanded view of the portion of these spectrums 
around the O.D. line. The change (decrease) in the 
magnitude of the O.D. line with increasing coating 
thickness is evident in these figures. 

;s Figure 8 shows a typical curve of the O.D./DC 

ratio versus coating thickness. The monotonic be- 
havior of this variable with thickness can be seen in 
this figure. 

As discussed above, the present invention is 

20 preferably practiced as part of an overall fiber 
measurement/control system having capabilities of 
the type disclosed in U.S. patent applications Serial 
Nos. 07/816,882, 07/816,491, and 07/816,883. Fig- 
ure 4 shows a measurement system constructed in 

25 accordance with the aforementioned application en- 
titled "Method for Measuring Diameters of Non- 
Circular Fibers." 

The system includes laser 23 which produces 
a beam 25 of collimated, coherent, monochromatic 

30 light. As discussed above, light from beam 25 is 
reflected and refracted by fiber 13 so as to pro- 
duce a far-field interference pattern of the type 
shown in Figure 1. Optical systems 26,27 project 
the far-field interference pattern onto left:and right 

35 detectors 29,31. The detectors can comprise linear 
arrays of photodetectors whose output, after analog 
to digital conversion, consists of a digital repre- 
sentation of the fringe pattern. A discussion of 
optical systems 26,27 and their relationship to de- 

40 tectors 29,31 can be found in the above referenced 
application entitled "Measurement of Fiber Diam- 
eters with High Precision." As shown in Figure 4, 
the center of detector 29 lies at +61.5° and the 
center of detector 31 lies at -61.5°. The derivation 

45 of these values is discussed in detail in the above 
referenced application entitled "Method for Measur- 
ing Diameters of Non-Circular Fibers." A suitable 
angular extent for each detector is 20°, i.e., from 
+ 51.5* to +71.5 6 for detector 29 and from - 

50 51. 5 0 to -71.5° for detector 31. Detectors having 
other angular extents can, of course, be used if 
desired. For example, in practice, a detector having 
an angular extent of 16° has been found to work 
successfully. 

55 In accordance with the above application, the 

output of each detector is analyzed separately to 
generate a signal representative of the diameter of 
the fiber, and the two signals are averaged to 

5 
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produce a final signal which is representative of the 
fiber diameter and which is substantially insensitive 
to fiber ellipticity. In accordance with the present 
invention, the output of each of the detectors can 
be analyzed to determine two O.D. magnitudes or, 
preferably, two OD/DC magnitudes. By comparing 
and/or averaging these values, even finer control of 
hermetic thicknesses can be achieved, if desired. 
Also, non-uniformities in the hermetic coating can 
be detected by means of multiple detectors. 

It should be noted that the off-axis location of 
the detectors 29,31 provide an advantage for the 
present invention by avoiding error from unscat- 
tered light, i.e., light from the light source which 
has not interacted with the fiber. 

The plots of Figures 2-3 and 5-8 are based on 
computed fringe patterns for a 125 micron, cor- 
eless fiber, i.e., they are modeled results. In par- 
ticular, the plots were generated using a wave 
theory model. The model assumed a circularly 
symmetrical cylinder with an optically non-absorb- 
ing 125 micron center region of refractive index 
n = 1 .457 coated by an outer layer of amorphous 
carbon with a complex index of refraction n = 2.5 + 
1.5i. A plane wave of wavelength 0.633 microns 
with the E-field polarized parallel to the cylinder's 
axis and directed perpendicularly to this axis at the 
cylinder generated the far-field intensity patterns 
shown. 

For purposes of illustration, the spatial frequen- 
cy spectrums were obtained by performing fast 
Fourier transforms (FFT) on the calculated fringe 
data using the Cooley, Lewis, and Welch technique 
as described in their paper entitled "The Fast 
Fourier Transform and its Applications," IBM Re- 
search Paper RC 1743, February 9, 1967. As dis- 
cussed above, in the practice of the invention, it is 
preferred to use the techniques of the above re- 
ferenced application entitled "Measurement of Fi- 
ber Diameters with High Precision." In particular, 
the discrete Fourier transform techniques de- 
scribed therein provide a more precise location for 
the O.D. line and thus a more precise value for the 
magnitude of that line for use in monitoring her- 
metic coating thicknesses. Since the location of the 
DC component is known, i.e., it is at 0.0 
fringes/degree, the FFT spectrum can be used for 
determining the magnitude of this component. 

The process of the invention as described 
above is preferably practiced on a digital computer 
system configured by suitable programming to per- 
form the various computation, identification, mag- 
nitude determination, and normalization steps. The 
programming can be done in various programming 
languages known in the art. A preferred program- 
ming language is the C language which is particu- 
larly well-suited to performing scientific calcula- 
tions. Other languages which can be used include 
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FORTRAN, BASIC, PASCAL, C ++ , and the like. 

The computer system can comprise a general 
purpose scientific computer and its associated pe- 
ripherals, such as the computers and peripherals 

s currently being manufactured by Digital Equipment 
Corporation, IBM, Hewlett-Packard, or the like. Al- 
ternatively, a dedicated system can be used in the 
practice of the invention, such as a system using 
multiple digital signal processing chips. 

io Preferably, the processing portion of the com- 

puter system should have the following characteris- 
tics: a processing rate of 50 million floating point 
operations per second; a word length of 32 bits 
floating point, at least four megabytes of memory, 

is and at least 40 megabytes of disk storage. The 
system should include means for inputting data 
from the photodetector array and means for output- 
ting the results of the thickness detection both in 
electronic form for use in process control and in 

20 visual form for observation by system operators, 
maintenance personnel, and the like. The output 
can also be stored on a disk drive, tape drive, or 
the like for further analysis and/or subsequent dis- 
play. 

25 It should be noted that for hermetic coatings 

which are not too thick, i.e., for hermetic coatings 
for which an O.D. line can be identified in the 
spatial frequency spectrum, the location of the O.D. 
line can be used to monitor fiber diameter in accor- 

30 dance with the above referenced application en- 
titled "Measurement of Fiber Diameters with High 
Precision." Similarly, defects can be detected us- 
ing the techniques of the above referenced applica- 
tion entitled "Method for Detecting Defects in Fi- 

35 bers," specifically, the technique in which the spa- 
tial frequency spectrum is examined for the pres- 
ence of a peak between the DC peak and the O.D. 
peak, such a peak being indicative of the presence 
of a defect in the fiber. Accordingly, through the 

40 combination of the techniques of the present inven- 
tion with those of the foregoing applications, coat- 
ing monitoring, O.D. monitoring, and defect detec- 
tion can all be performed simultaneously by means 
of a single spatial frequency spectrum (or two or 

45 more of such spectra if the problem of non-circular 
fibers is also to be addressed in accordance with 
the above referenced application entitled "Method 
for Measuring Diameters of Non-Circular Fibers"). 

50 Claims 

1. A method for monitoring, or monitoring and 
controlling the coating of a transparent filament 
with a hermetic film comprising the steps of: 
55 (a) directing a beam of radiation at said 

filament so as to produce an interference 
pattern; 

(b) detecting said interference pattern; 

6 
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(c) generating a spatial frequency spectrum 
for said interference pattern; 
(dj identifying a first component of said 
spatial frequency spectrum, said first com- 
ponent corresponding to the outer diameter 5 
of the filament; 

(e) determining a value for the magnitude of 
the first component, said magnitude being 
indicative of the thickness of the hermetic 

film; and w 

(f) generating a control signal for the coating 
of the filament from the magnitude of the 
first component. 

2. The method of Claim 1 comprising the addi- 15 
tional steps of: 

(f) identifying a second component of said 
spatial frequency spectrum, said second 
component being the DC component of the 
spectrum; 20 

(g) determining a value for the magnitude of 
the second component; and 

(h) normalizing the value of the magnitude 
of the first component by the magnitude of 

the second component, said normalized val- 25 
ue being indicative of the thickness of the 
hermetic coating. 

3. The method of Claim 1 or 2 wherein the po- 
larization of the beam of radiation is substan- 30 
tially constant. 

4. The method of Claim 1 or 2 wherein the fila- 
ment has a longitudinal axis and the electric 

field component of the beam of radiation is 35 
substantially parallel to the longitudinal axis. 

5. The method of Claim 1 or 2 wherein the beam 
of radiation defines an axis and the interfer- 
ence pattern is detected at a location which is 40 
angularly displaced from the axis. 

6. The method of Claim 1 or 2 wherein the spatial 
frequency spectrum is used to control the di- 
ameter of the filament, or to detect defects in 45 
the filament. 

7. The method of Claim 1 or 2 wherein steps (b) 
through (f) are performed at each of two spa- 
tially separated locations. so 

8. The method of Claim 1 or 2 wherein the her- 
metic coating comprises carbon. 
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